Starlette (CNES/GRGS, 1975) was designed to obtain the highest possible accuracy for laser range measurements and to minimize the effects of nongravitational forces. The satellite was designed to be a high density specularly reflecting sphere having a radius of 12cm and a weight of 47.295kg. The low area to mass ratio was achieved by using a core which is largely uranium 238.
The skin is an aluminum alloy containing a total of 60 laser corner reflectors.
The orbit selected has an inclination of 49.8° and is well above the high dr region, having normal apogee and perigee heights of 1105 and 810 km, respectively.
To determine the contribution Starlette might provide to our studies, we began an in-depth analysis of all available precision reduced laser data in the April to August 1975 period. The data were from the CNES, Smithsonian Astrophysicai Observatory (SAO), and Goddard Space Flight Center (GSFC) systems.
The objectives of the analyses were to assess the stability and accuracy of the orbit, the quality of the laser tracking data, the accuracy of our presently adopted set of geodetic constants and force models, and the amount of improvement which could be readily accomplished by using these data to improve our estimate of the coefficients in the models. Figure 1 .
ORBITAL PERTURBATIONS
To evaluate the nominal behavior of the Starlette orbit, both an analytic gravitational harmonic analysis approach and a long periodic semi-analytic approach were used. The J 2 rates on Starlette indicate that the orbit has a fairly short perigee period of about 110 days, with the observable periods of the zonal perturbations being around 110, 55, 37, and 27 days. The nodal period is also fairly short, being around 91 days. The nodal period with respect to the sun is about 73 days.
Taking into account orbit plane symmetry, we would expect to observe solar perturbations with a frequency of around 73/2 2z 37 days which is close to the lql = 3 zonal frequency and hence with certain kinds of analyses, drag or zonal error will resemble solar perturbations.
These HAP analyses indicate that the primary resonance perturbations have beat periods around 2.7 days due to 14 th order terms of the geopotential. When
Kaula's rule is used to approximate the geopotential, an along track effect of about 50 to 100 meters is predicted for these 14 th order terms. Similar results are obtained when the GEM-7 geopotential coefficients (Wagner et al., 1978) are used. In addition to the 14 th order resonance, there is a sideband resonance with 13 th order terms having a beat period of around 1.5 days whose effect along track is in excess of 10 m. The possibility also exists for being able to observe the double resonance with 28th order terms which have beat periods of around 1.3 days.
The non-resonant perturbations are generally less than one meter along track for the coefficients above (12, 12). However, some higher degree coefficients, for example (14, 10), produce effects larger than a meter. Even above (15, 15), 10 cm effects are typically observed.
in order to evaluate the perturbations due to rttmosphe er. jc drat ;, direct Solar radia*.ion pressure, lunar and solar solid body tides and the lunar and solar direct gravitational effects, we employed a long periodic semi-analytic program, the "Rapid Orbit Analysis and Determination" program (Wagner et al., 1974) .
ROAD numerically integrates the long periodic orbit and variational equations.
The ROAD formulation of the potential is similar to that presented in Kaula (1966) with the short period variations removed. The above perturbations were investigated by comparing orbits with and without the desire(; w-Irturbation over the time span for which we had data. The initial conditions are identical so there will be some slight energy discrepancy. For the initial analyses, the data set was divided into consecutive 5 day arcs.
This arc length was selected because it corresponds approximately to two resonant beat periods and would enable us to investigate the adequacy of the resonant coefficient modeling. The orbit determinations were performed using the GEM-7
and GEM-8 gravity models (Wagner, et al., 1976) , the GSFC 1973 station coordinates (Marsh, et al., 1973 ;, and the 1965 Jaeehia atmosphere.
Rms fits as large as 16 meters ; ^erP observed when the GEM-8 model was used and almost 11 meters when GEM-7 was used, with both models demonstrating a considerable variation from arc to arc. Analysis of the pass by pass timing biases for some sample arcs clearly demonstrated the resonance period of about 2.7 days.
Resonant coefficients for 13 th , 14 th and 28th order terms in the GLM-7 model were adjusted in a multi-arc solution with 19 crnsecutive 5 day arcs in the March to June period. The rms fit for each arc was generally reduced by a factor of two or more to an overall level of about 4 meters. The fits were also significantly more stable from arc to arc.
For a measure of orbit error other than the regression statistics, HV computed radial, cross-track and along-track position differences between the orbits associated with each gravity model. The average rms position differences between the GEM-7 and GEAI-8 orbits were 3 to 4 meters for radial :_nd crosstrack components and about 13 meters along-track. A comparison of orbits produced by the GEM-7 model containing the adjusted resonance coefficients nith those obtained from GEM-7 showed effects of similar magnitude. The rms differences between the modified GEM-7 orbits and the GEM-8 orbits were larger by almost 50`lb.
The overall level of the rms of fit produced in the data reductions using the GEhI-7 modified gravity model was too large; to be explained by anything other than geopotentia7. mismodeling. Fortunately, the global distribution of high quality laser data well distributed over a full revolution of the argument of perigee 1 : covided the opportunity to derive a gravity model which was tailored to Starlette.
combining the normal equatio..s produced from 26 five day Starlette arcs with the complete GEM-7 normal equations, we were able to adjust a complete GEM-9
size field. The model chosen after several investigations has beer designated as PGS-ST4. Table 1 To assess the relative consistency of the GERM-7 and PGS-ST4 orbits, the technique of overlapping orbits was employed. Table 2 presents rms radial, cross-track and along-track orbit differences for five day orbits overlapped by two and a half days. The rms along -track differences for the PGS-ST4 orbits are less than 2 meters while differences as large as 18 meters are noted for I the GEM-7 model. Radially, the consistency of the orbits has been considerably improved from a maximum of 3 meters to less than 40 cm. The cross-track differences were also reduced when the PGS-ST4 model was used but not as substantially.
Because the PGS-ST4 gravity model was derived using five day arcs and the previously discussed tests also used five day arcs, arcs in lengths of two, thirty-five, sixty-six and ninety days were also evaluated. For these investigations, the Jacchia 1971 model atmosphere was used. Drag and solar radialionn pressure coefficients were adjusted in the thirty-five day and longer arcs.
The degradation in the rms fit as a function of the increased arc lengths was approximately linear as is shown in Figure 5 , reaching a value of only 4.3 meters after ninety days.
The ninety day arc is probably of most interest because it represents a full period of the dominant unmodeled perturbation (the K , ocean tide). Table 3 
